Introduction: Road traffic accidents (RTAs) are a major public health issue in developing countries, where roads tend to be built haphazardly and accidents take a heavy toll on victims-including leaving them disabled. This study seeks to identify those factors that cause RTA victims to become disabled as a result of their injuries. Methods: This retrospective community-based study looked at RTA victims treated in five public and faith-based hospitals in Benin. Disability was evaluated using the Washington Group on Disabilities Statistics questionnaire. The independent variables were related to the victim's socio-demographic traits, the circumstances of the accident, and post-crash response mechanisms. The proportions were compared using the chi-squared test, with a threshold of 5%. Results: The prevalence of disability among road traffic accident victims is 9.59% (CI 95%: 6.86% -13.20%). The occurrence of disability is associated with age (p = 0.002), occupational group (p = 0.0077), the mode of transport used to transfer the victim (p < 0.001) and the location of the injuries (p = 0.0035). The study also found that people fail to make sufficient use of post-crash response mechanisms. Conclusion: Public policy-makers should therefore focus on stepping up interventions to get more people using both protective equipment and post-crash response services.
Introduction
Road traffic accidents (RTAs) are a major public health issue because of their scale and the extent of their impact, especially in developing countries. According to the World Health Organization (WHO), RTAs account for 1.25 million deaths each year and as many as 50 million people suffer injuries as a result of RTAs [1] . This latent epidemic has a significant socio-economic cost to countries for two reasons. First, RTAs affect young working-age people (15 -44 years) more than other groups. And second, the costs of dealing with the fallout of RTAs-to individuals and society as a whole-can be as high as 3% of gross domestic product (GDP) [2] [3] . Despite existing interventions [4] and progress on reducing morbidity and mortality rates, RTAs remain a major public health issue, even in developed countries [5] [6] . Low-income and middle-income countries continue to pay the heaviest price, accounting for more than 90% of all RTA-related deaths and injuries. Moreover, Africa is the most affected region of the world, where the most vulnerable road users (pedestrians, cyclists and motorcyclists) make up 60% of victims. RTA-related injury incidence is especially high in Africa, at an estimated 92.2 per 100,000 population [7] . The main consequences of these injuries are impairments that cause incapacity and, potentially, disability. According to the WHO, "Disability is not just a health problem. It is a complex phenomenon, reflecting the interaction between features of a person's body and features of the society in which he or she lives". An estimated 15% of the world's population lives with a disability [8] . Because disabled people face social interaction challenges, specific interventions are required to enable them to access certain services and address particular needs. RTA victims whose injuries leave them disabled join a group with specific needs. That is why, for planning purposes, it is important to estimate how prevalent the phenomenon is and what factors lie behind it. Post-RTA disability statistics are hard to come by because of the complexity of monitoring victims and the sheer diversity of incapacity and disability definitions and classifications. A 2004 literature review found that the prevalence of disability among RTA victims varied wildly from one study to the next-from as little as 2% to as high as 87%. However, the authors stressed that very little data was available on the situation in developing countries, precisely where this new epidemic is at its highest. Although parsimonious, the literature mentions the following risk factors for post-RTA disability:
age, educational level and socio-economic level [9] .
According to WHO extrapolated estimates, there were 2855 RTA-related deaths in Benin in 2015, with a mortality rate of 27.7 per 100,000 population.
Official statistics from Benin's National Road Safety Centre (CNSR) show that, 
Methods

Context
The study was conducted in the cities of Cotonou and Calavi in southern Benin-the country's two biggest urban and suburban conurbations accounting for 12% of its total population. According to projections from the most recent census, the cities had a combined population of 1,498,506 in 2017, living in an area spanning 729 km 2 [11] [12] . In terms of health infrastructure, the cities are covered by five health districts and have five public or publicly affiliated faith-based hospitals: Abomey-Calavi Hospital, the National Teaching Hospital (CNHU), Saint Luc Hospital, Ménontin Hospital, and Suru-Léré Hospital.
Type of Study, Population and Sampling
This retrospective, cross-sectional, descriptive, analytical study was carried out in July 2018. The population comprised RTA victims treated in the five public and faith-based hospitals in Cotonou and Calavi. The survey population included people who were aged 18 years or over, were admitted to hospital between 1 April 2017 and 31 March 2018, had a contact number in their medical record or in the hospital register, and were alive the last time contact was made. Based on these criteria, a population of 3771 subjects was obtained. The targets were then selected through a process of systematic random sampling. The sample size was calculated using the Schwartz formula, with an expected post-RTA disability prevalence rate of 50% (given that we did not have suitable prevalence data regarding the phenomenon) and accuracy of 5%.
( ) Given that the reliability of the information contained in the hospital records (especially telephone numbers) was unknown, 943 subjects were selected via systematic random sampling with a sampling interval of 4, and 904 of these subjects were contacted. The sample excluded subjects who could not be contacted by telephone (line dead or subject not reachable at the given number), subjects who did not consent to participate, and subjects who were not present in Coto- 
Techniques, Data Collection Tools and Variables
The data were collected via structured interviews using a pre-tested question- Respondents gave an answer on a scale of 1 to 4, depending on how difficult they found the task(s) described in each question. To define socio-economic well-being we used the poverty index of the Demographic and Health Surveys. It is a composite index of the socio-economic status that assigns weightings or factor scores obtained by principal component analysis of information collected on household assets. Despite its limitations, it is admitted as an acceptable indicator of socio-economic well-being [15] . Here, each 
Data Processing and Analysis
The data were processed using the EpiData 3.1 and Stata 11 software programs.
Descriptive statistics are presented as a mean (standard deviation), or as a median (interquartile range) for quantitative variables. Qualitative data are presented as a percentage. We used univariate analysis (chi-squared test or Fisher's exact test) to compare the proportions, and the Kruskal-Wallis test to compare the medians. We also used multiple logistic regression. A difference was considered statistically significant for p values of less than or equal to 0.05. We assessed associations between the dependent variable ("disability") and the other variables using odds ratios (ORs) followed by the confidence interval of 95% (CI 95%).
Ethical Considerations
The protocol was submitted to the Faculty of Health Sciences' Health Sciences
Research Ethics Committee. When recruiting participants, the researchers informed the subjects of the purpose of the study, the fact that it was anonymous, and their right to agree or refuse to participate. They were also told that they could withdraw from the study if they wished to do so. All participants were asked to give clear, informed consent by signing a form to that effect after reading a detailed explanatory note. Only respondents who signed the form participated in the study. From an administrative perspective, written consent was obtained from entities involved in the study before the data collection process began.
Results
Description of the Sample
Socio-Economic Traits of RTA Victims
At the time of the survey, the average age of the RTA victims was 37.9 ± 12.5 years, with 6 out of 10 subjects aged between 25 and 44 years. The majority of the subjects were male (79.36%). More than two-thirds of the subjects (67.67%)
were educated to secondary level or above and most were in work, with 6 out of 10 subjects having a self-employed occupation (freelance professional, shopkeeper/trader, crafts/tradesperson) ( Table 1) . At the time of the RTA, 7 out of 10 subjects were the head of the household and the same proportion were cohabiting with a partner. Around 6 out of 10 victims had at least 3 dependants when the RTA occurred. (66.85%), and on urban or interstate (75.07%), asphalt (56.99%) roads in a poor state of repair (80.82%). Motorcycles were the most common vehicle involved in the RTAs, accounting for 84.11% of victims' vehicles and 43.09% of the vehicles that hit them. The victim was the driver in 76.45% of cases (n = 327) ( Table 2) . Most of the victims said they were using protective equipment when the accident occurred (73.39%). According to the victims, the two leading causes of the RTA they were involved in were speeding (30.4%) and dangerous driving (24.7%).
Circumstances of the RTA
Immediate Post-Crash Interventions
The police attended the scene of the accident immediately in 105 out of 365 cases (28.77%), the fire service in 117 cases (32.05%), and the ambulance service in 1 case (0.27%). Together, the fire service and ambulance service attended the scene in 118 cases (32.33%). According to victims' estimates, the median time taken for the emergency services to arrive on scene after the accident was 20 (10 -30) minutes (n = 99). The police recorded the accident in less than a quarter of cases (79 cases, 22.07%). In most cases, the victim was transported to the health 
Primary Care Seeking
Most of the victims questioned said they had sought primary care from a health care facility-40 subjects (10.99%) said they had visited a health centre, 297 subjects (81.59%) sought care at a district or regional hospital, and 26 subjects sought care directly at the national referral hospital (CNHU). None of the subjects said they had sought care from a traditional masseur or prayer centre. The median time between arriving at the health care facility and being seen was 15 (5 -30) minutes (n = 261). The lower limbs (67.95%) and the head (32.33%) were the most common injury sites. In addition, 185 subjects (50.68%) had a single injury, 102 (27.95%) had two injuries, and 78 (21.37%) had three or more injuries.
Disability and Associated Factors
Prevalence of Disability
In total, 35 people were disabled, meaning they had a lot of difficulty performing the tasks in the six areas covered by the questionnaire, or could not perform them at all-a prevalence rate of 9.59% (CI 95%: 6.86% -13.20% 
Univariate Analysis
There was a significant variation in the proportion of subjects reporting disability by age, with a higher percentage among people aged over 45 years (p = 0.002). Moreover, a greater proportion of people in professional occupations reported disability (11.49%) when compared with other occupational groups (2.8%) (p = 0.0077). No link was established between disability among RTA victims and gender, education, marital status or socio-economic well-being (Table   3) .
From a statistical point of view, the environmental characteristics of the accident, the characteristics of the conflict, the user, and the types of vehicle in- Socio-economic well-being level has been categorised as tertiles, the lowest being "Poor" and the highest being "Rich". Open Journal of Epidemiology who transported the victim to the health care facility (p = 0.0001), and what mode of transport was used to transport the victim (p = 0.000). A greater proportion of victims developed a disability when the emergency services attended the scene of the accident, and when they were transported to the health care facility by the fire service or the police. Similarly, a smaller proportion of victims developed a disability when they were transported by motorcycle (Table 4) .
There was no correlation between the likelihood of developing a disability, and the type of health care facility providing primary care or the distance between the scene of the accident and the health care facility. The median time between arriving at the health care facility and being treated was higher among those victims who had developed a disability (30 (10 - had developed a disability was higher as the number of injuries increased (p = 0.2578), no correlation could be established (Table 5 ). The results of the logistic regression were not shown due to collinearity between variables.
Discussion
Characteristics of the RTA Victim Sample
The RTA victim sample for this study was similar in many ways to other samples in the literature review. Most of the victims were male, as was the case in other contexts-between 71.7% and 77% in Ethiopia in 2015 [16] [17], 82% in Yemen [18] , and 69.8% in Kenya in 2013 [19] . Similarly, the findings of this study confirm what has been reported in various articles touching on this subject [17] [19] [20] [21]-that young, working-age people (average age: 30 years) are more likely to be affected than other age groups. As regards occupation, Seid et al. (2015) found that manual workers (41.3%) and students (12%) were the two biggest groups in their sample. The fact that the findings of this study differ can be attributed to differences in the distribution of occupations among the general population from one country to the next [17] . In terms of the circumstances of the accident, the high proportion of motorcyclists is consistent with the findings of other studies in low-and middle-income countries: 68.2% in Brazil (2015) [21] , 55% in Yemen (2015) [18] , and 61.7% in Ethiopia (2014) [16] . A high proportion of victims (73.4%) reported having used protective equipment (helmet, seat belt) in our study. This figure is higher than what is normally reported in the literature: between 35.12% and 37.42% after intervention in Kenya [22] , 5.7% among motorcyclists in Cameroon (2012) [23] , and 29% in China (2015) [24] .
Studies have showed a notable reduction in post-RTA morbidity and mortality among motorcyclists who wear a helmet [25] , but there are differences in the law, and how it is applied, from one country to the next. Benin introduced a law on this subject in 2012, and its application has been supported by an effective awareness system and a subsequent enforcement campaign, especially in the country's big cities (Cotonou and Calavi in particular). As a consequence, more motorcyclists now wear a helmet, which probably explains the high percentage recorded in this study. However, the figure could also be attributed to bias, with respondents giving the answer expected of them because it they believed it was socially desirable to do so. Speeding is a major RTA risk factor. Speeding is recognised globally as a risk factor for causing RTAs, increasing the likelihood of serious injury in non-fatal RTAs, and increasing the likelihood that an RTA will be fatal [1] [26] [27] . In our study, 3 out of 10 victims said that speeding was the primary cause of the RTA-lower than the 66% figure reported in China in an [28] . In Yemen, meanwhile, poor driving skills is the number-one reported cause of RTAs (85% of cases) [18] . These differences can be attributed both to contextual factors and to differences in methodology (and to how the modalities of the variable are defined in particular). Our findings support what has been widely reported in the literature-that the majority of injuries are sustained to the head and lower limbs [17] [19].
Disability and Associated Factors
In their study in Brazil, Rocha et al. reported "disability" among 50% of RTA victims [21] . This figure is higher than the 10% reported in this study, and by Palmera-Suarez et al., who indicated a figure of 2.1 per 1000 population in Spain [9] . These differences can, however, be attributed not just to contextual elements but also to different methodologies. In the Brazilian and Spanish studies, disability was evaluated using WHO's International Classification of Functioning, Disability and Health (ICF). In our study, however, we used the United Nations' (UN) Washington Group on Disability Statistics questionnaire. In addition, the Spanish study was based on a national disability survey (community survey), whereas our study, and the one in Brazil, used hospital data. Studies documenting post-RTA disability are few and far between, and comparing them is still difficult because the definitions of disability and subject selection methods vary from one to the next. The systematic review of the issue, conducted in 2004, confirms this state of affairs, revealing a broad range of estimated prevalence rates (between 2% and 87%) across different studies and a tendency among authors to stress the methodological challenges that researching this phenomenon poses [29] .
On the link between socio-demographic traits and disability, comparing the findings of our study with those typically seen in the literature presents a mixed picture. Our study found that age was a risk factor, with a greater likelihood of disability among subjects aged over 45 years-similar to the findings of the 2008 Spanish study. This correlation can be attributed to the fact that younger people's bodies are better equipped to recover from injury. However, our study found no correlation between disability and other socio-economic traits such as gender, education or socio-economic well-being. These findings are at odds with Palmera-Suarez et al., who revealed that likelihood of disability is contingent on both education and socio-economic well-being [9] . Our study also found a relationship between post-RTA disability and occupational group, revealing that people in self-employed occupations (freelance professionals, shopkeepers/traders, and crafts/tradespeople) are more likely to develop a disability after an RTA than members of other groups (pupils/students, housekeepers, unemployed people and civil servants). This difference could be attributed to differing perceptions of impairment because of the type of work that members of each group perform. In other words, people in self-employed occupations consider their impairments to be more serious because they place greater restrictions on their mobility.
Our findings indicate that the environmental characteristics of the accident, have the same level of risk, as do passengers and drivers, and as do people involved in accidents caused by speeding or poor road conditions. Quick, effective post-RTA interventions are part of tertiary prevention efforts and are designed to limit the impact of RTAs on victims' health. Our study showed that victims were more likely to develop a disability if the emergency services attended the scene of the accident than if they did not. Similarly, victims transported by motorcycle were less likely to develop a disability than those transported in a fire service vehicle, while the likelihood of developing a disability was lower among victims transported by a member of the public. Although these findings appear to run counter to common sense, they could be attributed to the fact that people are largely unaware of the emergency services available to them when an accident happens, and of the financial implications of using these services. Consequently, victims do not systematically call the emergency services because they do not know how to contact them or because they are fearful of the costs, even though the services are free of charge. In addition, people only tend to contact the police or the fire service when they have no other option-i.e. in the case of severe injuries or when the victim cannot be transported by motorcycle or by a member of the public. This explains why only the most serious injuries (i.e. those that could leave the victim disabled) are treated by the emergency services, and why our study revealed these findings. Considering the severity of injuries would help to clarify the relationship and would make an interesting avenue of research in future studies. Our study indicated that it took longer for the emergency services to arrive on the scene, and for the victim to be seen at the health care facility, among victims who developed a disability than those who did not. Although we were unable to establish a statistically significant difference, it would be a worthwhile exercise to explore these factors in future studies. The fact that we were unable to establish a difference could well be linked to the shortcomings of this study. Because of its retrospective nature, it introduced inherent bias in the variables and recorded a high non-response rate since subjects were required to remember precise information such as timings. The location of injuries influences the severity of an RTA, and several studies have pointed to the fact that RTAs have more serious consequences when the victim suffers head injuries [19] [30] . Our study confirmed these findings, showing that victims with head injuries were three times as likely to develop a disability as those without head injuries. Similarly, victims with lower limb injuries were twice as likely to develop a disability as those without lower limb injuries. Mobility impairment was the most common form of disability among RTA victims, affecting both the body as a whole (resulting from head of neck injuries) and peripheral parts of the body (resulting from limb injuries). Body-wide mobility impairment caused by a head or neck injury occurred most often from Open Journal of Epidemiology damage to the central nervous system and was most likely to cause persistent damage and, ultimately, disability. These findings underscore why it is so important for motorcyclists to wear helmets to prevent head injury [1] [19].
Limitations of the Study
The aim of this study was to estimate the prevalence of disability among RTA victims and to identify the associated factors. The findings suggest that we achieved our objectives and that the results can be extrapolated to all RTA victims treated in Cotonou and Calavi hospitals. The study is limited in its scope for two reasons. First, as a transverse study, it was not possible to guarantee the historical nature of the explanatory factors. And second, the fact that it was a retrospective study introduced the possibility of memory-related bias. We decided to limit the study to victims treated within the previous 18 months to reduce the prospect of memory-related bias. Moreover, because our study focused on disability, the decision to select primary targets from victims treated in hospital could have introduced selection bias in certain contexts. However, given the severity of RTA-induced injuries, we can confidently posit that selection bias was not a major issue because most victims sought treatment at a health care facility.
Lastly, because the study was designed around a community survey, it did not take account of hospital statistics such as clinical and treatment quality data.
Consequently, we did not include in our analysis all those factors that could have influenced the likelihood of developing a disability. For that reason, supplementing our findings with other, forward-looking and hospital-based studies would be a worthwhile exercise.
Conclusion
There is a relationship between the likelihood of a road traffic accident (RTA) victim developing a disability, and the victim's age and the location of the injuries. Public policy-makers should therefore focus on stepping up interventions to get more people using protective equipment, especially helmets and seat belts, and on better communicating with the general public about the link between RTAs and disability, and about the importance of using post-crash response services. There is scope to strengthen the findings of this study. We did not consider temporal aspects in our definition of disability. It would be useful to include this notion in the definition of post-RTA disability. For that reason, it would be worth building on the findings of our study with a forward-looking cohort study that monitors RTA victims regularly over a period of time to evaluate impairment, incapacity, and the emergence and consolidation of disability. Such a study could also produce more detailed findings by taking account of hospital data.
